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(54) Title: YOKE APPARATUS FOR RACK AND PINION 

(57) Abstract 

A yoke assembly (fig. 1) for a rack (24) and pinion 
(20) steering system includes a bearing disc member (36) 
having a pair of bearing surfaces for slidingiy supporting 
and urging the rack (24) toward the pinion (20). The bearing 
disc member (36) is kinematically supported by elastomeric 
members (38, 74, 88) along an adjustment axis. In the pitch 
direction elastomerically derived forces are applied toward an 
apex (56) located well within the rack (24) and away from 
the bearing surfaces. This results in the bearing disc member 
(36) rotating slightly in a contra-pitch direction and forming 
a lubrication wedge whenever the rack (24) moves along 
its axis of translation. Additionally along the adjustment 
axis, the bearing disc (36) is supplementally supported in a 
stiffer manner in opposition to heavy shock loads, in the 
yaw direction, elastomerically derived forces are laterally 
directed to compliantly bias the bearing disc (36) in a lateral 
direction orthogonal to a piane denned by the adjustment and 
translation axes toward a preferred central location. 



22^ [ 



(SO 



rr 1 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the FCT on the from pages of pamphlets publishing international applications under the PCX, 



Al* 

AM 

AT 

AV 

AZ 

BA 

BE 

BE 

BF 

BG 

B| 

BR 

BY 

CA 

CF 

CG 

CB 

CI 

CM 

€N 

CU 

cz 

DE 
DK 
EE 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brawl 



Canada 

Central African Republic 

Congo 

Switzerland 

Core d'lvoire 

Cameroon 

China 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 





Spain 


LS 


Ft 


Finland 


LT 


FR 


France 


LU 


GA 


Gabon 


LV 


GB 


United Kingdom 


MC 


GE 


Georgia 


MD 


GH 


Ghana 


MG 


GN 


Guinea 


MK 


GR 


Greece 




HU 


Hungary 


ML 


IE 


Ireland 


MN 


IL 


Israel 


MR 


IS 


Iceland 


MW 


IT 


Italy 


MX 


JP 


Japan 


NE 


KK 


Kenya 


NL 


KG 


Kyrgyzstan 


NO 


KP 


Democratic People'* 


NZ 




Republic of Korea 


PL 


KR 


Republic of Korea 


PT 


KZ 


K&zakstan 


RO 


LC 


Sain? Lucia 


RU 


LJ 


Liechtenstein 


SD 


LK 


Sri Lanka 


5E 


LR 


Liberia 


SG 



Lesotho 

Lithuania SK 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova TG 
Madagascar TJ 
The former Yugoslav TM 
Republic of Macedonia TR 
Mali TT 
Mongolia UA 
Mauritania VG 
Malawi 

Mexico US5 

Niger VN 

Netherlands VfJ 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 97/38244 



FCT7US97/OS980 



YOKE APPARATUS FOR RACK AND MfflTAN 
Cross Referent to Related Application? 

The present invention is a continuation-in-part of U.S. Serial Number 
08/630,369 filed April 10, 1996 and entitled "YOKE APPARATUS FOR 
5 RACK AND PINION, U.S. Serial Number 08/677,449 filed July 2, 1996 and 

entitled "YOKE APPARATUS FOR RACK AND PINION, and U.S. Serial 
Number 08/696,010 filed August 12, 1996 and entitled "YOKE APPARATUS 
FOR RACK AND PINION. 

Background of the Invention 
10 L Field of the I nve ntion 

The present invention is directed to a yoke apparatus for use with a 
rack-and-pinion steering system. 
II. Descrip tion of the Prior Art 

Automotive steering systems typically include a housing having a rack 
1 5 driven by a pinion gear. Rotation of a steering wheel turns the pinion gear. 

The pinion gear meshes with a plurality of teeth formed on the rack to drive the 
rack in one of two reciprocal directions. The rack in turn is connected to a pan 
of dirigible wheels. In addition, many automobile steering systems comprise a 
rotary control valve which is operable to supply pressurized fluid to move a 
20 double-acting hydraulic cylinder or actuator to assist translation of the rack. 

In order to keep the teeth of the pinion gear and the rack in engagement, 
such steering systems employ a yoke apparatus. The yoke apparatus includes 
a bearing member which is biased to force the rack towards the pinion gear. 
The bearing member has a pair of spaced apart bearing surfaces which slidingly 
25 contact the surface of the rack opposite the teeth of the rack. The bearing 

member is slidingly mounted in a bore which is formed in a nominally 
orthogonal manner with reference to the rack's intended position. This results 
in a nominal alignment of the bearing surfaces along an axis which extends 
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coaxially with the axis of translation of the rack, A spring is mounted in the 
bore to force the yoke assembly against the rack and bias the bearing surfaces 
in order to force the teeth of the rack against the teeth of the pinion gear, Thus, 
the yoke apparatus operates to nominally guide the rack along the axis of 

5 translation and hold the teeth of the rack and the teeth of the pinion gear in mesh 

during the application of torque to the pinion gear. 

In practice, it is not possible to maintain the axis of translation of the 
rack orthogonal to the axis of the bore. This is because of the tolerances 
involved in forming the bore, rack, and pinion gear. Accordingly, it has be: ^ 

1 0 found that the axis of translation of the rack may be angled with respect to the 

axis of the bearing surfaces of the bearing member, and may even undulate as 
a function of rotational motion of the pinion gear. When so missaligned, one 
end of each of the support surfaces engage the rack while opposite ends of the 
support surfaces are spaced away from the rack. As a further result, the bearing 

15 member itself may suffer angular misalignment within the bore and jam. In 

fact, such yoke assemblies may be said to be over constrained or to be of non- 
kinematic design. 

For the above reasons, the rack is often held from smooth movement in 
one, or both, directions of travel. This is particularly so when the rack trav J - 

20 in a direction from the contacting ends towards the non-contacting ends of the 

support surface, The edges resist movement of the rack and the rack tends to 
hesitate and jerk in its movement. However, movement of the rack in an 
opposite direction tends to produce a smoother, less resistant movement. 
Frequently, the discontinuous or halting movement of the rack will be tactilly 

25 sensed by the driver. 

The spring is located in an adjuster plug which is threadably inserted in 
the outer portion of the bore. During the assembly of the yoke apparatus, the 
adjuster plug is rotatably driven into contact with the bearing member with a 
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nominal torque value of perhaps 50 inJbs, to provide a rotational position 
reference. Because of the above noted tolerances involved in forming the bore, 
rack and pinion gear t there results a soft contact between the adjuster plug and 
the bearing member, and thus an imprecise rotational position reference. For 
5 this reason, the adjuster plug must then be backed off by an angle of about 30* 

in order to ensure interference free operation in the manner described above. 
This results in an indefinite stop position of the bearing member should a torque 
level be applied that is sufficient to overcome the spring bias. 

In operation, rack and pinion assemblies are often subject to a condition 

10 known as "rattle". Rattle most often occurs when the dirigible wheels are 
subject to dissimilar impacts such as when crossing obliquely disposed railroad 
tracks or similar road surface discontinuities. It has been found that lateral and 
rotational motions and resulting impacts within the housing by the yoke 
apparatus elements are the most significant cause of rattle. This occurs because 

15 of the helically formed teeth on the pinion gear. As the pinion gear is caused 

to rotate by axial thrust loads imposed upon the rack with resulting axial motion 
thereof, the rack is driven laterally by the helically formed teeth of the pinion 
gear. In addition, physical separation of the rack and pinion gear interface as 
a consequence of the heavy shock loads results in impact loads being impressed 

20 upon the adjuster plug as another form of rattle. In any case, rattle is typically 
treated by tightening up various clearances or adding a circumferenr*] 
elastomeric guide element around the skirt of the yoke, and as a last resort, by 
significantly increasing the biasing spring force. 

Summary of t*re Inventi on 

25 Accordingly, a primary object of the present invention is to provide a 

yoke apparatus having a true kinematic design wherein bearing surfaces are 
maintained in coaxial alignment with the axis of movement of the rack to 
provide smooth, constant movement of the rack in both directions of travel. 
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Another object of the present invention is to provide a yoke apparatus enabling 
substantially rattle free operation of the rack and pinion assembly. 

Accordingly, in a preferred embodiment of the present invention, an 
improved first yoke apparatus is presented wherein a bearing disc is biased to 
5 force the rack towards the pinion gear by an elastomeric O-ring member. The 

bearing disc is nominally constrained in the lateral directions with reference to 
a supporting adjuster plug by the O-ring member. This is accomplished by 
compressing the O-ring member between inner and outer angular contact 
grooves respectively formed on the bearing disc and adjuster plug, respectively. 

10 The adjuster plug is used to axially compress the O-ring member in order to 

provide the biasing force. Because of the compliant nature of the O-ring 
member, the above described over constraint is eliminated. 

As a consequence of its axially directed compression, the O-rirrr 
member provides nominal pitch and yaw constraints upon the bearing disc which 

15 are conically directed toward an apex. The actual location of the apex is 

determined by the relative final locations of the lines of force through the 
angular contact grooves. In any case, the pitch constraint is directed about the 
apex which is located well within the rack and thus physically remote from the 
bearing disc. Upon initial translation of the rack, the bearing disc begins to 

20 move along with the rack. This tends to decompress the portion of the O-ring 

member under the leading edge of the bearing disc and further compress the 
portion of the O-ring member under the trailing edge of the bearing disc, The 
end result is a contra-pitch rotation of the bearing disc about the apex so as to 
form a lubrication wedge between it and the rack. Thus, the bearing surfaces 

25 of the bearing disc can compliantly align with the preferred axis of movement 

of the rack in a manner that provides enhanced lubrication. 

In practice it has been found that while the improved yoke assembly of 
the preferred embodiment does provide for smooth, rattle-free movement of the 
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rack, the helically formed teeth on the pinion gear tend to initially drive the rack 
laterally. This, in turn, may cause the host rack and pinion assembly to exhibit 
a lack of on-center crispness, This is due to a lack of initial translation^ motion 
of the rack during the period when it is moving laterally. 

Therefore, in a first alternative preferred embodiment of the present 
invention, an improved second yoke apparatus is presented wherein laterally 
disposed elastomeric members are utilized to markedly increase yaw stiffness 
of the bearing disc. The laterally disposed elastomeric members are captured 
between grooves formed in sides of the bearing disc located outwardly from its 
bearing surfaces, and juxtaposed nominally axially directed grooves formed 
within the bore. In order to ease assembly, the lateral grooves formed in the 
bearing disc comprise lead-in tapers so that compression of the laterally disposed 
elastomeric members occurs gradually as a function of the axial assembly of the 
bearing disc. 

In the improved second yoke apparatus, the Oring described above 
(Le., with reference to the preferred embodiment) is replaced with an 
elastomeric member formed directly within the adjuster plug. This eliminates 
handling a separate elastomeric member during assembly. In this case, the 
elastomeric member is formed within an outer angular contact region such that 
the resulting force direction is similar to that of the preferred embodiment. 

In a second alternative preferred embodiment of the present invention, 
an improved third yoke apparatus is presented wherein both of the above 
described types of elastomeric members are formed in a second operation 
directly within the bearing disc. Because it is difficult to bond elastomeric 
materials to materials which are suitable for forming the bearing disc, the 
bearing disc is formed with mechanically interlocking features for the 
elastomeric members. So forming the elastomeric members eliminates handling 
separate elastomeric members during assembly. And in this case, no grooves 
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are required within the bore. The bore is simply formed in a conical manner as 
will be described below. 

In a third alternative preferred embodiment of the present invention, an 
improved fourth yoke apparatus is presented wherein the bearing disc is formed 
5 as a shell member which fits within an additional support member. Both of the 

above described types of elastomeric members are formed upon a generally 
saddle shaped upper surface of the support member. Then the bearing disc and 
support member are inserted within a bore formed in a keyed cylindrical manner 
as will be described below. 
10 In practice it has been found that the improved yoke assemblies of the 

preferred, first and second embodiments provide significant reductions in rattle. 
However, heavy shock loads can cause momentary physical separations 
between the teeth of the pinion gear and rack. In such cases » impact between 
the bearing disc and a rigid adjuster plug can exhibit rattle-like noises as well 
15 as some transmitted shock. Thus, in the third alternative preferred embodiment 

of the present invention, such noise and shock are eliminated by utilizing an 
elastomeric stop member formed within the adjuster plug. In order to maintain 
appropriate dimensional control of the stopping action, the elastomeric stop 
member is formed from an elastomeric material having significantly increased 

20 stiffness. 

In a fourth alternative preferred embodiment of the present invention, 
an improved fifth yoke apparatus is presented wherein the support member is 
formed from the elastomeric material having significantly increased stiffness. 
In this case, both types of elastomeric materials are chosen from a compatible 

25 family of elastomeric materials such that an intermolecular bond is formed 

between them. In addition, the support member comprises a closed lower end 
having a convex shape which bears against the lower surface of the bearing disc 
to perform the above described function of the elastomeric stop member. The 
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adjuster plug is formed with a planar upper surface to uniformly support the 
lower surface of the support member. 

In any of the first, second, third of fourth alternative preferred 
embodiments of the present invention, the laterally disposed elastomeric 
members provide a substantial increase in yaw stiffness for the bearing disc. 
Thus, the helically formed teeth on the pinion gear are substantially precluded 
from driving the rack laterally. This, in turn, substantially enhances on^enter 
crispness. 

In any of the preferred embodiments of the present invention, all of the 
necessary constraints are elastomericalJy provided whereby the bearing disc is 
not required to be slidingly mounted in a bore in the housing, Thus, there is no 
possibility of rattle occurring via contact between the bearing disc and such a 
bore. And in the third and fourth alternative preferred embodiments, the 
respective elastomeric stop member or convex surface eliminates any possibility 
of rattle between the bearing disc and stop occurring as a consequence of 
physical separation between the teeth of the pinion gear and rack. Further, 
because all constraints are elastomerically provided, engagement of the teeth of 
the pinion gear and the rack is maintained in a less abrupt manner. Should 
physical separation therebetween result from a dissimilar impact, re-engagement 
is softer and somewhat damped. In this way, rattle due to gear re-engagement 
is minimized as well . 

Prfef Pes criPtion of the Drawing s 

The foregoing and other objects and advantages of the present invention 
will become readily apparent to those skilled in the art upon studying the 
following detailed description, when considered in connection with the 
accompanying drawings, in which: 
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Fig. 1 is an exploded perspective view of a steering gear assembly 
including a yoke apparatus configured in accordance with a preferred 
embodiment of the invention; 

Fig. 2 is a sectional view of the yoke apparatus of the preferred 
5 embodiment of the invention; 

Fig. 3 is a sectional side view of the yoke apparatus of the preferred 
embodiment of the invention; 

Fig. 4 is a sectional view of a yoke apparatus configured in accordance 
with a first alternative preferred embodiment of the invention; 
10 Fig, 5 is a sectional side view of the yoke apparatus of the first 

alternative preferred embodiment of the invention; 

Fig, 6 is a sectional view of a yoke apparatus configured in accordance 
with a second alternative preferred embodiment of the invention; 

Fig. 7 is a sectional side view of the yoke apparatus of the second 
1 5 alternative preferred embodiment of the invention; 

Fig. 8 is an isometric view of a bearing disc used in the second 
alternative preferred embodiment of the invention; 

Fig. 9 is a sectional view of a yoke apparatus configured in accordance 
with a third alternative preferred embodiment of the invention; 
20 Fig. 10 is a sectional side view of the yoke apparatus of the third 

alternative preferred embodiment of the invention; 

Fig. 11 is an exploded isometric view of a shell-type bearing disc and 
support member therefor used in the third alternative preferred embodiment of 
the invention; 

25 Fig. 12 is a sectional view of a yoke apparatus configured in accordance 

with a forth alternative preferred embodiment of the invention; 

Fig. 13 is a sectional side view of the yoke apparatus of the forth 
alternative preferred embodiment of the invention; and 
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Fig. 14 is an exploded isometric view of a shell -type bearing disc and 
support member therefor used in the forth alternative preferred embodiment of 
the invention. 

Petaitetf Descr i ption of the Preferred Emfeaflmiants 

Referring now to the exploded perspective view of Fig. 1, thereshown 
is a portion of a steering apparatus for a vehicle. The steering apparatus 
includes a conventional housing 10, such as manufactured by the Saginaw 
Steering Systems Division of Delphi Automotive Systems, of Saginaw, 
Michigan. The housing includes a barrel 12 extending upwardly from a cylinder 
14. The barrel 12 houses a rotary control valve assembly 18 for providing 
pressurized hydraulic fluid through ports 16 to a hydraulic actuator (not shown) 
for providing hydraulic assist to the steering system. Included in the rotary 
control valve assembly 18 is a pinion gear 20. 

The pinion gear 20 comprises helically formed teeth 28 and is mounted 
at a non-orthogonal angle in order to mesh with a plurality of teeth 22 formed 
in a transverse manner on a rack 24. As shown most clearly in Fig. 3, the teeth 
22 extend in a nominally axial direction along the surface of the rack 24. As is 
known in the art, input shaft 29 of the rotary control valve assembly IS u 
connected to a steering wheel (not shown) to enable steering of a host vehicle. 

The rack 24 is mounted for reciprocal movement along an axis of 
translation "A" in an elongated cavity 26 of the housing 10. Rotational 
movement of the pinion gear 20 by the steering wheel and rotary control valve 
assembly 18 will cause reciprocal translation of the rack 24 along the axis of 
translation "A". As is known in the art, the rack 24 is connected to dirigible 
wheels (also not shown) to steer the vehicle. 

As shown in Fig. 1 , a cylindrical sleeve 30 is formed on one side of the 
cylinder 14 of the housing. The cylindrical sleeve 30 includes a threaded 
aperture 32 for accepting an improved yoke assembly 34 comprised in a 
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preferred embodiment of the present invention. The threaded aperture 32 
extends in a substantially orthogonal direction with reference to the axis of 
translation "A" of the rack 24- 

The improved yoke assembly 34 includes *t bearing disc 36 t an 
5 elastomeric O-ring member 38 and an adjuster plug 40. When the improved 

yoke assembly 34 is assembled within the cylindrical sleeve 30, the bearing disc 
36 is biased against the rack 24 by compression of the O-ring member 38 as is 
depicted more clearly in Figs. 2 and 3. 

As particularly shown in Fig, 2 t one side of the bearing disk 36 has a 
1 0 curvilinear slot 42 defining a pair of arms 44, The slot 42 includes a cutaway 
center portion 46 extending between a pair of elongated bearing surfaces 48. 
The bearing surfaces 48 are spaced apart to guide the rack 24 during movement 
thereof. The bearing disc 36 has a circumferential outer surface 50 having a 
diameter less than the threaded aperture 32 of the cylindrical sleeve 30, The 
15 diametral operating clearance so obtained precludes the possibility of contact 

between the bearing disc 36 and the threaded aperture 32 and eliminates any 
possibility of rattle from that source. 

The other side of the bearing disc 36 has an inner angular contact 
groove 52 and the juxtaposed side of the adjuster plug 40 has an outer angular 
20 contact groove 54, During assembly, the O-ring member 38 is compressed 
between angular contact grooves 52 and 54 to provide a biasing force that urges 
the bearing disc 36 into contact with the rack 24. Except for the lubrication 
wedge described below, the interface between the bearing surfaces 48 and the 
rack 24 provides lateral, radial, pitch and roll constraints for the bearing disc 
25 with respect to the axis of translation "A\ Lateral positioning of both the 

bearing disc 36 and the rack 24, as well as the remaining axial and yaw 
constraints for the bearing disc 36, are provided by the compressed O-ring 
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member 38 in a somewhat compliant manner with respect to the threaded 
aperture 32. 

As a consequence of its axially directed compression between the 
angular contact grooves 52 and 54, the Oring member 38 also provides nominal 
pitch and yaw constraints upon the bearing disc 36 which are conically directed 
toward an apex 56. The actual location of the apex 56 is determined by the 
relative final locations of the lines of force through the angular contact grooves 
52 and 54. In any case, the pitch constraint is directed about the apex 56 which 
is well within the rack 24 and thus physically remote from the bearing disc 36. 
Upon initial translational motion of the rack 24, the bearing disc 36 begins to 
move along with the rack 24, This tends to decompress leading edge portion 58 
of the O-ring member 38 (i.e., that portion under the leading edge 60 of the 
bearing disc) and farther compress trailing edge portion 62 of the O ring 
member 38 (i.e., that portion under the trailing edge 64 of the bearing disc). 
The end result is a contra-pitch rotation of the bearing disc 36 about the apex 56 
so as to form a lubrication wedge between it and the rack 24. The kinematic 
design of the improved yoke assembly 34 permits the axis of the bearing 
surfaces 48 of the bearing disc 36 to be in precise alignment with the rack 24 
and maintain a lubrication wedge therebetween which enables smooth movement 
of the rack 24. 

During assembly, the adjuster plug 40 is threadably inserted into 
threaded aperture 32 and rotatably driven until surface 66 thereof contacts 
convex surface 68 of the bearing disc 36. Then the adjuster plug 40 is 
rotationaliy backed off a minimal predetermined distance, such as 10% in order 
to permit some movement of the bearing disc 36 and rack 24. An internal lock 
nut 70 is then tightened against the adjuster plug 40 to maintain its position. 

The minimal predetermined distance of 10» is significantly less than that 
normally encountered when assembling yoke assemblies of the prior art. This 
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is enabled by the extra degree of freedom provided by the improved yoke 
assembly 34 whereby the tightening of the adjuster plug 40 against the bearing 
disc 36 can be accomplished in a more precise manner. The result is tighter 
control of the operating clearance between the adjuster plug 40 and bearing disc 
5 36, This is important in minimizing rattle because it results in minimal possible 

separation between the pinion gear 20 and rack 24 as a consequence of 
dissimilar dirigible wheel impacts. This, in turn, minimizes the maximum 
closure velocity therebetween which minimizes any audible noise associated with 
closure. 

1 0 In practice it has been found that while the improved yoke assembly 34 

does provide for smooth, rattle-free movement of the rack 24, the helically 
formed teeth 28 on the pinion gear 20 tend to initially drive the rack 24 
laterally. This, in turn, may cause the steering apparatus to exhibit a lack of on- 
center crispness. This is due a lack of initial translational motion of the rack 24 
1 5 during the period when it is moving laterally. 

Therefore, as shown in Figs. 4 and 5, an improved yoke assembly 72 
is presented wherein laterally disposed elastomeric members 74a and 74b are 
utilized to markedly increase yaw stiffness of bearing disc 76- The laterally 
disposed elastomeric members 74a and 74b are respectively captured between 
20 lateral grooves 78a and 78b formed in sides 80a and 80b of the bearing disc 76, 

and respectively juxtaposed axially directed grooves 82a and 82b formed within 
bore 84. In order to ease assembly, the lateral grooves 78a and 78b comprise 
lead-in tapers 86 so that lateral compression of the laterally disposed elastomer^ 
members 74a and 74b occurs gradually as a function of the axial assembly of the 

25 bearing disc 76. 

In addition, the Oring 38 described above (Le<, with reference to yoke 
assembly 34) is replaced with an elastomeric member 88 formed directly within 
adjuster plug 90. This eliminates handling a separate elastomeric member 
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during assembly. In this case, elastomeric member 88 is formed within a 
nominally outer angular contact region 92 of the adjuster plug 90. In so doing, 
the resulting conically directed pitch constraint is directed toward apex 56 in a 
manner similar to that described above with reference to the improved yoke 
assembly 34. 

Shown in Figs. 6, 7 and 8 is an improved yoke assembly 94 wherein 
both of the above described types of elastomeric members are formed in a 
second operation directly within bearing disc 96 to form a composite yoke 
member 98. This eliminates handling separate elastomeric members during 
assembly. In this case the bearing disc 96 is formed with mechanically 
interlocking shapes comprising passages 100a and 100b, and pocket regions 
102. Then, in the second forming operation, elastomeric member 104 
comprising laterally disposed protrusions 106a and 106b, and outwardly directed 
axial rib 108, is formed within bearing disc 96 as is best shown in Fig. 8. 

Because the laterally disposed protrusions 106a and 106b are 
mechanically located with reference to the bearing disc 96 T no juxtaposed axially 
directed grooves, such as axially directed grooves 82a and 82b, are required 
within bore 1 10. Instead, bearing disc 96 and bore 110 are formed in a conical 
manner so that compression of the laterally disposed protrusions 106a and 106b 
occurs as a function of the axial assembly of the composite yoke member 98. 
Similarly, pitch constraints are directed toward apex 56 via compression of 
outwardly directed axial rib 108 by outer angular contact groove 54 of adjuster 
plug 40, 

Shown in Figs. 9, 10 and 11 is an improved yoke assembly 1 12 wherein 
a shell-type bearing disc 114 is supported by elastomeric pitch constraint pads 
116 and lateral constraint pads 118 having first and second compressive stiffness 
values, respectively. The elastomeric pitch constraint pads 116 and lateral 
constraint pads 118 are comprised in elastomeric member 120, which is formed 
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of a first elastomeric material having a first characteristic compliance value, 
upon a generally saddle shaped upper surface of ring shaped support member 
122. In this case, the shell-type bearing disc 114 is inserted in cylindrical?*/ 
formed bore 124 against the rack 24. Then the ring shaped support member 
5 122, which is keyed against rotation by the interface of pin 126 inserted through 

the wall of bore 124 and axially directed slot 128 formed in ring shaped support 
member 122, is positioned against the shell-type bearing disc 114 with pitch 
constraint pads 116 bearing against surfaces 130 and lateral constraint pads 1 18 
bearing against surfaces 132. 

10 In practice it has been found that the improved yoke assemblies 34, 72 

and 94 provide significant reductions in rattle. However, heavy shock loads can 
cause momentary physical separations between the teeth of the pinion gear and 
rack. In such cases, impact between any of the bearing discs 36, 76 and 96 ar^ 
the rigid adjuster plug 70 can exhibit rattle-like noises as well as some 

15 transmitted shock. Thus, in the improved yoke assembly 112, such noise and 

shock are eliminated by utilizing an elastomeric stop member 134 formed within 
an adjuster plug 136. In order to maintain appropriate dimensional control of 
the stopping action, the elastomeric stop member 134 has a third and selectively, 
by a factor of at least ten, increased compressive stiffness value with reference 

20 to the sum of the first and second stiffness values- In order to achieve this the 
elastomeric stop member 134 is formed from a second elastomeric material 
having a having a second and generally, by a factor of at least ten, decreased 
characteristic compliance value with reference to the first compliance value. i> 
any case, the adjuster plug 136 is threadably inserted into threaded aperture 138 

25 of bore 124 and driven upward until the elastomeric stop member 134 lightly 

bears against surface 140 of the shell-type bearing disc 114. Finally, the 
internal lock nut 70 is tightened against adjuster plug 136 to maintain its 
position. 



WO 97/38244 



PCT/US97/05980 



15 



After the elastomeric pitch constraint pads 116 and lateral constraint 
pads 118 are compressed against surfaces 130 and 132, they respectively 
provide pitch and yaw constraints in manners similar to those explained above, 
As the adjuster plug 136 is driven upward until the elastomeric stop member 134 
5 lightly bears against surface 140, the elastomeric pitch constraint pads 116 and 
lateral constraint pads 118 are elastically deformed against surfaces 130 and 
132, respectively, to provide the biasing force required for urging the shell-type 
bearing disc 114 into contact with the rack 24, As shown with particular 
reference to Fig, 11, the pitch constraint pads 116 and lateral constraint pads 

10 118 substantially fill the respective radial gaps between surfaces 142 and 144 of 

the shell-type bearing disc 114 and bore 124 in their relaxed state. Thus, their 
elastic deformation supplementally provides the required lateral forces for the 
pitch and yaw constraints substantially in the manner described above. The 
necessary expansion volume for the deformation is provided in a circumferential 

15 manner between surfaces 146 of the shell-type bearing disc 114 and lateral 

surfaces 147 of pitch constraint pads 116 and lateral constraint pads 118. 

Upon initial translational motion of the rack 24, the shell-type bearing 
disc 114 begins to move along with the rack 24 and translationally within bore 
1 10. This tends to decompress the leading one of elastomeric pitch constraint 

20 pads 116 (i.e., the one under the leading edge of the bearing disc 114) and 

further compress the trailing one of the pitch constraint pads 116 (i.e., the one 
under the trailing edge of the bearing disc 1 14). As before, the end result is a 
contra-pitch rotation of the bearing disc 114 about the apex 56 so as to form a 
lubrication wedge between it and the rack 24. 

25 Shown in Figs. 12, 13 and 14 is an improved yoke assembly 150 

wherein a support member 152 is formed from the second elastomeric material 
having significantly increased stiffness as described above. In this case, the first 
and second elastomeric materials are chosen from a compatible family of 
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elastomeric materials such that an intermolecular bond is formed between them. 
In addition, the support member 152 comprises a closed lower end 154 having 
a convex upper protrusion 156 which bears against the surface 140 of the shell 
type bearing disc 114 to perform the above described function of the 
5 elastomeric stop member 134. An adjuster plug 158 is formed with a planar 

upper surface 160 to uniformly support lower surface 162 of the support 
member 152. In all other respects, the improved yoke assembly 150 is 
substantially identical to the improved yoke assembly 112 described above. As 
such, all similar features of both improved yoke assemblies bear identical 

1 0 reference numerals . 

In any of the improved yoke assemblies 72, 94, 112 or 150, respective 
laterally disposed elastomeric members 74a and 74b, laterally disposed 
protrusions 106a and 106b, or lateral constraint pads 118 provide a substantial 
increase in yaw stiffness for the bearing discs 76, 96 or 1 14. Thus, the helically 

1 5 formed teeth 28 on the pinion gear 20 are substantially precluded from driving 

the rack 24 laterally. This, in turn, substantially enhances on-center crispness. 

In any of the improved yoke assemblies 34, 72, 94, 1 12 or 150, all of 
the necessary constraints are elastomerically provided. Thus, the bearing discs 
36, 76, 96 or 114 are not required to be slidingly mounted in a bore in the 

20 housing. Thus, there is no possibility of rattle occurring via contact between the 
respective bearing disc and such a housing bore. And in improved yoke 
assemblies 112 and 150, the respective elastomeric stop elements 134 and 156 
eliminate any possibility of rattle between the shell-type bearing disc 114 and an 
otherwise rigid stop member occurring as a consequence of physical separation 

25 between the helically formed teeth 28 of the pinion gear 20 and the teeth 22 of 

the rack 24, Further, because all of the constraints are elastomerically provided, 
engagement of the teeth 28 and the teeth 22 is maintained in a less abrupt 
manner. Should physical separation therebetween result from a dissimilar 
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impact on the dirigible wheels, re-engagement is softer and somewhat damped. 
In this way, transmitted shock or rattle due to gear re-engagement is minimized 
as well. 

While the present invention has been described in connection with the 
preferred embodiments of the various figures, it is also understood that other 
similar embodiments may be used or modifications or additions may be made 
to the described embodiments for performing the same function of the present 
invention without deviating therefrom. For instance, the preferred embodiment 
could be implemented by directly forming a circumferential elastomeric element 
in either of the bearing disc 36 or adjuster plug 40 in the manner of elastomeric 
member 88 formed within adjuster plug 90 and comprised in the improved yoke 
assembly 72. Therefore, the present invention should not be limited to any 
single embodiment but, rather, construed in breadth and scope in accordance 
with the recitation of the appended claims. 

I claim: 
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CLAIMS 



1 l. An apparatus for maintaining a rack and pinion in meshing 

2 engagement, said rack movable within a housing having a preferred translation 

3 axis therefor and a bore formed along an adjustment axis that intersects with and 

4 is nominally orthogonal to said preferred translation axis, said preferred 

5 translation and adjustment axes defining a preferred adjustment plane, said 

6 apparatus comprising: 

7 an adjuster plug member having an upwardly directed stop member and 

8 being adjustably mounted within a threaded aperture portion of said bore; 

9 a bearing disc member having a generally round cylindrical shape and 

10 a lower surface, said bearing disc member being mounted within said bore in a 

1 1 spaced apart manner from said bore and generally along said adjustment axis 

12 between said upwardly directed stop member of said adjuster plug member and 

1 3 said rack, and having a concave nominally cylindrical surface spaced apart from 

14 said lower surface, said nominally cylindrical surface formed with reference to 

1 5 a support axis that is centrally located with reference to said generally round 

16 cylindrical shape and nominally orthogonal to said adjustment axis to slidingly 

17 receive said rack; 

18 a support member comprising means for compliantly biasing said 

19 bearing disc member away from said adjuster plug member and towards said 

20 rack substantially along said adjustment axis; and 

21 said means for compliantly biasing also compliantly providing contra- 

22 pitch rotation of said bearing disc member so as to form a lubrication wedge 

23 between it and said rack* 
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1 2. The apparatus of claim I having supplemental means for 

2 compliantly biasing said bearing disc member away from said adjuster plug 

3 member and towards said rack substantially along said adjustment axis, said 

4 supplemental means for compliantly biasing additionally providing compliant 

5 biasing of said bearing disc member in a lateral direction orthogonal to said 

6 preferred adjustment plane such that said support axis is urged toward 

7 coincidence with said preferred adjustment plane such that said rack is 

8 substantially located coincidental ly with said preferred translation axis. 

1 3, The apparatus of claim 2 having said means and supplemental 

2 means for compliantly biasing having a first combined stiffness value, said 

3 means and supplemental means for compliantly biasing being formed of 

4 elastomer ic material, 

1 4, The apparatus of claim 3 having said bearing disc member 

2 formed with means for receiving said means and supplemental means for 

3 compliantly biasing. 

1 5. The apparatus of claim 3 further having additional means for 

2 compliantly supporting said bearing disc member away from said adjuster plug 

3 member whenever said rack is urged theretoward by heavy shock loads imposed 

4 on said rack, said additional means for compliantly supporting having an 

5 increased compressive stiffness value with reference to the combined stiffness 

6 value of said means and supplemental means for compliantly biasing by a factor 

7 of at least ten. 
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1 6. The apparatus of claim 5 wherein said means and supplemental 

2 means for compliantly biasing are formed of a first elastomeric material having 

3 a first characteristic compliance value and said additional means for compliantly 

4 supporting is formed of a second elastomeric material having a second and 

5 selectively, by a factor of at least ten, decreased characteristic compliance value 

6 with reference to said first characteristic compliance value. 

1 7, The apparatus of claim 6 wherein said support member is formed 

2 from said second elastomeric material and additionally comprises said additional 

3 means for compliantly supporting, said adjuster plug and said support member 

4 having compatible interface surfaces whereby said support member is supported 

5 by said adjuster plug in a nominally uniform manner. 
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